1. Introduction
===============

We previously examined results of the Comprehensive Health Check (CHC) from the Fukushima Health Management Survey (FHMS) of residents of 13 municipalities who were forced by the government to evacuate due to the 2011 Great East Japan Earthquake (GEJE) and the associated accident at the Fukushima Daiichi Nuclear Power Plant.^\[[@R1],[@R2]\]^ Our examinations of the residents demonstrated that evacuation is a risk factor of obesity,^\[[@R3]\]^ hypertension,^\[[@R4]\]^ diabetes mellitus,^\[[@R5],[@R6]\]^ hypo-high-density lipoprotein cholesterolemia,^\[[@R7]\]^ metabolic syndrome,^\[[@R8]\]^ kidney disease,^\[[@R9]\]^ liver dysfunction,^\[[@R10]\]^ and polycythemia.^\[[@R11]\]^ Furthermore, the lifestyle of the evacuees was also shown to be the cause of polycythemia even at 4 years after the GEJE regardless of the presence or absence of being overweight/obesity, smoking, and hypertension.^\[[@R12]\]^

Therefore, these findings show that experiencing an unprecedented disaster and exposure to chronic stress due to evacuation can be a cause of polycythemia. However, our previous evaluations did not analyze the relationship between the prevalence of polycythemia and traumatic symptoms, depression status, socioeconomic factors such as residential environment, and the working situation after the GEJE. Furthermore, the Mental Health and Lifestyle Survey (MHLS) conducted by the FHMS group showed that psychological distress following the disaster was significantly associated with diet, alcohol intake, sleep satisfaction, and the reduction of physical activity.^\[[@R13]--[@R18]\]^

Subsequently, we then analyzed the relationship between the prevalence of polycythemia and the factors observed during the MHLS.

2. Materials and methods
========================

2.1. Participants
-----------------

The government designated evacuation zones following the GEJE that occurred on March 11, 2011. Between January and October 2012, the evacuees participated in the FHMS of the Fukushima Daiichi Nuclear Power Plant accident that occurred in 2011. The MHLS, which is part of the previously cited longitudinal study, assesses how the disaster and subsequent lifestyles of the people affected the mental status of the evacuees over a long period of time.

The target population of the survey included men and women who were at least 15 years of age and who lived in the following evacuation zones specified by the government: Hirono, Naraha, Tomioka, Kawauchi, Okuma, Futaba, Namie, Katsurao, Minamisoma, Tamura, Kawamata, Iitate and part of the city of Date. Persons who had a certificate of residence within the evacuation area as of March 11, 2011 were mailed questionnaire on January 18, 2012. Of all the residents living in the area during the disaster, a total of 180,605 were born prior to April 1, 1995 (ie, high-school students or older). Participant response rate was 40.7% (n = 73,569). To guarantee precision when entering the data, data entry experts double-checked all of the entered information. From June 2011 through March 2012, 72,916 persons (32,000 men and 40,916 women) from these communities participated in the MHLS. Participants analyzed consisted of 29,474 persons (12,379 men and 16,888 women) from these groups who had participated in the 2011 CHC.

Participants excluded from the analysis included persons who were aged 91 and older or aged 19 and younger; persons without any peripheral blood: red blood cell count (RBC), hemoglobin (Hb), and hematocrit (Ht) data; persons without any systolic and diastolic blood pressure data (SBP/DBP), body mass index (BMI), and waist circumference data; persons without any information on smoking and drinking history; persons who had not responded to questions on the Kessler 6-item scale (K6) and the Post-Traumatic Stress Disorder Checklist-Scale (PCL-S); to questions on educational background and on evacuation sites; or persons with a history of or current treatment for hematologic disease and those undergoing dialysis due to renal impairment.

2.2. Ethical approval
---------------------

This study was approved by the Ethics Committee of Fukushima Medical University (\# 29064). Informed consent was obtained from community representatives who were conducting an epidemiological study based on the guidelines of the Council for International Organizations of Medical Science. All participants in the FHMS provided written informed consent.

2.3. Definitions and data collection
------------------------------------

Height and weight were measured (without shoes and in light clothing), with BMI then calculated as weight (kg)/height^2^ (m^2^). Obesity was defined as a BMI ≥ 25 kg/m^2^. Trained technicians took all of the SBP/DBP measurements. Hypertension was defined as SBP ≥ 140 mm Hg, DBP ≥ 90 mm Hg, or the use of antihypertensive agents.

Laboratory data collected included aspartate aminotransferase (U/L); alanine aminotransferase (U/L); gamma-glutamyltransferase (U/L); high-density lipoprotein cholesterol (mg/dL); low-density lipoprotein cholesterol (mg/dL); triglycerides (mg/dL); fasting plasma glucose (mg/dL); hemoglobin A1c (% of total hemoglobin); and peripheral blood count, which included the RBC, Ht, Hb, platelet count, and white blood cell count with subpopulations of white cells.

We defined hepatobiliary enzyme abnormality based on the definition of the Ministry of Health, Labour, and Welfare for the medical examination judgment value, using the following criteria: aspartate aminotransferase ≥ 31 U/L, alanine aminotransferase ≥ 31 U/L, or gamma-glutamyltransferase ≥51 U/L.^\[[@R19]\]^ Diabetes and dyslipidemia were defined based on a previous report.^\[[@R10]\]^ Participants were divided into 3 groups based on alcohol consumption, based on a previous report.^\[[@R10]\]^

The quantitative definition of polycythemia is known to differ between research institutes and laboratories. However, the standard values defined for the peripheral blood in the CHC are as follows: RBC, 400 to 579 × 10^4^/μL; Hb, 13.1 to 17.9 g/dL; and Ht, 38.0% to 54.9% in men; RBC, 370 to 549 × 10^4^/μL; Hb, 12.1 to 15.9 g/dL; and Ht, 33.0% to 47.9% in women. Polycythemia was diagnosed if one of these items was greater than the standard value.

Smoking status of the participants was classified as current smokers or current nonsmokers just before the disaster.

In the MHLS, the Japanese versions of the K6^\[[@R20]\]^ and PCL-S^\[[@R21]\]^ were used to assess the participants' mental health status. The K6 consists of 6 brief questions regarding depression and anxiety symptoms during the past 30 days, with the overall score ranging from 0 to 24. Psychological distress was defined as a K6 score of 13 or higher.^\[[@R22]\]^ The PCL-S is used to evaluate symptoms of post-traumatic stress disorder during the past 30 days. The PCL-S consists of 17 items with the overall score ranging from 17 to 85. Participants were classified as having probable post-traumatic stress disorder if their overall PCL-S score was 44 or higher.^\[[@R21]\]^ In addition to the K6 and PCL-S surveys, the questionnaires also asked about medical history and various lifestyle factors, such as physical activity, living environment, sleeping conditions, cigarette smoking, alcohol intake, living in evacuation area, and job status.

2.4. Statistical analysis
-------------------------

A chi-square test was used to examine disaster-related socioeconomic variables, obesity, hypertension, liver dysfunction, smoking, and heavy drinking between the categories used to determine the prevalence of polycythemia after the disaster.

We also examined the association between the demographic, disaster-related, and psychosocial variables in participants with an onset of polycythemia after the disaster.

Age- and sex-adjusted prevalence ratios and 95% confidence intervals for the changes in the smoking status for demographic, disaster-related and psychosocial variables were calculated using a univariate regression analysis.

In the multivariable-adjusted model, adjustments were made for age (years), sex, and other associated factors that were estimated to be statistically significant by the age- and sex-adjusted model. The factors found to be potentially associated included educational attainment, living arrangement, living in an evacuation area, experiencing a tsunami, experiencing a nuclear power plant accident, bereavement, obesity, hypertension, diabetes, liver dysfunction, smoking, and heavy drinking. The odds ratios between participant characteristics and the prevalence of polycythemia were calculated using logistic regression analysis. All tests were two-tailed, and *P* \< .05 was considered to indicate statistical significance. All statistical analyses were performed in 2018 using the software package SAS version 9.4 (SAS Institute, Inc., Cary, NC).

3. Results
==========

3.1. Relationship between participant characteristics and the prevalence of polycythemia
----------------------------------------------------------------------------------------

The prevalence of polycythemia was compared with participant characteristics by examining the frequency of polycythemia in individuals under and over the age of 65, since 65 is the general retirement age in Japan and the lifestyle changes greatly at that age. Participant characteristics are shown in Table [1](#T1){ref-type="table"}. The demographic characteristics examined included gender, age (20--49, 50--64, 65--90 years), and education level. Disaster-related factors examined included dwelling status of the evacuees; actual experience of living in evacuation shelters or temporary housing; existence of home damage; history of mental illness; experience related to living in evacuation areas, tsunami, earthquake, and of nuclear power plant accident. Psychosocial factors evaluated included bereavement, occupation changes, unemployment, decrease in income, presence of traumatic symptoms (PCL-S ≥ 44), presence of depression (K6 ≥ 13), sleep dissatisfaction, and lack of exercise. The health checkups examined included obesity (BMI ≥ 25), hypertension, diabetes, liver dysfunction, smoking, and heavy drinking. The government evacuated residents from 13 municipalities, with complete evacuations to evacuation shelters or temporary housing occurring in Iitate, Katsurao, Okuma, Tomioka, Futaba, Namie, Hirono, Naraha, and Kawauchi. However, only partial evacuations occurred in Minamisoma, Kawamata, Tamura, and Date. By gender, polycythemia was significantly more common among men, but there was no significant difference at the age of 65 and older. Differences in the prevalence of polycythemia due to educational background were significant under the age of 65, and the incidence was low in individuals with a high education. The relationship between experiencing a tsunami or nuclear power plant accident and the prevalence of polycythemia was not significant at all ages, but was significant at the age of 65 and older. On the other hand, the relationship between bereavement experience and decrease in income was significantly related to the prevalence of polycythemia significantly at all ages, especially the former at the age of 65 and older. The presence of traumatic symptoms (PCL ≥ 44) and the presence of depression (K6 ≥ 13) were not significantly related to the prevalence of polycythemia significantly. In health checkups, all items were significantly related to the prevalence of polycythemia, which were prominent under the age of 65. The lack of exercise was significantly related to the prevalence of polycythemia at the age of 65 and older.

###### 

Basic characteristics of participants and prevalence of polycythemia.
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The Supplementary Table 1, presents the results of the univariate regression analysis that was conducted on the factors that showed a significant relationship (*P* \< .05) with the prevalence of polycythemia or on the factors that tended to be related with polycythemia after adjusting for age and sex. The age range of 20 to 49 years was the reference for age, and living in one\'s own home was the reference for the dwelling status of evacuees.

3.2. Multivariate analysis of the relationship between characteristics of the participants and the prevalence of polycythemia
-----------------------------------------------------------------------------------------------------------------------------

Subsequently, we performed a multivariate analysis on the characteristic factors in the Supplementary Table 1, that exhibited a significant relationship (*P* \< .05) with the prevalence of polycythemia along with the factors that tended to be related with the polycythemia (Table [2](#T2){ref-type="table"}). Factors such as the dwelling status of evacuees and the experience of living in an evacuation shelters or temporary housing were excluded because they were not significantly related to the prevalence of polycythemia in the Supplementary Table 1. Interestingly, except for a lack of exercise among psychosocial factors, there was no significant relationship with the prevalence of polycythemia.

###### 

Multivariate analysis of relationships between characteristics of participants and the prevalence of polycythemia after the adjustment.
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In the participants that ranged in age from 20 to 90 years old, characteristics such as age of 65 years and older, highly educated, obesity (BMI ≥ 25), hypertension, diabetes, liver dysfunction, and smoking were shown to be significantly related to the prevalence of polycythemia, while characteristics such as male, age of 50 years and older (50--64 years old), and in bereavement tended to be related to the polycythemia (*P* \< .1). Because people over 65 years old are considered to experience a large social and economic changes due to retirement in Japan, a separate analysis further examined the participants after categorizing them into groups of under and over the age of 65 years. In the former, characteristics such as male, highly educated, lack of exercise, obesity (BMI ≥ 25), hypertension, diabetes, liver dysfunction, and smoking were all significantly related to the prevalence of polycythemia (*P* \< .05). In the latter group, characteristics such as experiencing a nuclear power plant accident, bereavement, obesity (BMI ≥ 25), diabetes, liver dysfunction, and smoking were significantly related to the prevalence of polycythemia (*P* \< .05), with characteristics such as male and a lack of exercise tending to be related to the polycythemia (*P* \< .1).

Therefore, our results did not indicate a significant relationship between the prevalence of polycythemia and traumatic symptoms (PCL-S), depression status (K6), or socioeconomic factors (such as residential environment and working situation) after the GEJE.

4. Discussion
=============

There are no international diagnostic criteria for polycythemia; therefore, in the present study, we determined that polycythemia was present if one of RBC, Hb, and Ht was greater than the standard value. Furthermore, since polycythemia may be confused with erythrocytosis, we defined polycythemia based on our previous reports.^\[[@R11],[@R12]\]^

In contrast to our previous reports,^\[[@R11],[@R12]\]^ the participants analyzed in our present study were residents who were evaluated by PCL-S and K6^\[[@R13]\]^ after the initial MHLS of the FHMS. Furthermore, the residents analyzed in the previous 2 reports lived in 13 municipalities that were government-designated evacuation areas. However, this study focused on evacuees who specifically experienced living in an evacuation shelter or temporary housing.

Our findings revealed that the prevalence of polycythemia increased in the residents of these areas after the GEJE, but there were no data on the erythropoietin levels in the sera or on an increase in RBC that was accompanied by an increase in white blood cell count and platelets. Therefore, this polycythemia was presumed to be primarily relative polycythemia. In general, relative polycythemia^\[[@R23]\]^ is treated synonymously with stress polycythemia.^\[[@R24]\]^ However, the mechanism of onset for polycythemia induced by stress is unclear, with a decrease in the circulating plasma volume considered to potentially be the cause.^\[[@R25]\]^ Although previous studies that analyzed the Ht value in the acute phase reported increased Ht level after a speech or calculation test,^\[[@R26],[@R27]\]^ a reliable indicator that can be used to analyze the effects of chronic stress has yet to be established.

We hypothesized that mental stress and life style changes due to evacuation would lead to an increase in the onset of polycythemia because smoking and drinking alcohol,^\[[@R28]--[@R30]\]^ hypertension,^\[[@R31]\]^ or lifestyle-related diseases such as obesity, hyperlipidemia, and hyperglycemia^\[[@R32]\]^ have all been reported to be causes of polycythemia. Contrary to our expectations, there was no significant relationship between psychosocial factors and the onset of polycythemia, but there was a significant relationship between obesity, smoking, or hypertension and the onset of polycythemia as reported in the above studies.

In addition, it should be noted that high serum renin levels have been shown to lead to a decrease in the circulating plasma flow and an increase in the Ht level in patients with hypertension, with a decrease in the serum renin level after treatment with antihypertensive agents subsequently leading to an increase in the circulating plasma flow and a decrease in the Ht level.^\[[@R31]\]^ Therefore, Ht is an indicator of the control of hypertension. A further study^\[[@R32]\]^ examined primarily male participants after separating them into 3 Ht groups (I: low, II: intermediate, III: high). Study results showed that the levels of glucose, insulin, TG, and cholesterol in the serum were significantly higher in group III, with the participants in this group consisting of a larger proportion of persons that were overweight. Therefore, polycythemia, especially high Ht, is suggested to be associated with diabetes. In any case, polycythemia is considered to be an index of lifestyle-related disease.

In a large complex disaster such as the GEJE, anxiety about radiation exposure added to the mental health burden of evacuees. Furthermore, it is unclear whether the increase in lifestyle-related diseases would be common throughout the world after such a complex disaster. We suggest that socioeconomic support, including financial compensation, would affect the onset of these diseases.

There are several potential limitations for this study that warrant consideration. First, both the response rate to the MHLS and the examination rate of the CHC were low, with the proportion of residents with data for both surveys even lower. Therefore, those factors might have resulted in an underestimate of the prevalence of polycythemia and have lowered the reliability of the prevalence of polycythemia and the results of PCL-S and K6 in the MHLS. Second, the MHLS and the CHC were not conducted at the same time. Since the former was conducted 10 months after the GEJE, it cannot be used for the analysis of mental state in the acute phase after the GEJE. Therefore, potential recall bias in these surveys cannot be ruled out. Third, the relationship between mental state and the presence or absence of polycythemia was only analyzed in 2011, and furthermore it was not observed consecutively.

5. Conclusion
=============

We found no significant correlation between the prevalence of polycythemia and the results of PCL-S and K6 in the MHLS. However, we did find significant correlations between the factors in the lifestyle survey such as obesity, hypertension, diabetes, liver dysfunction, smoking, excessive alcohol consumption, and the prevalence of polycythemia. These results suggest that lifestyle-related diseases are involved in the onset of polycythemia, similar to findings reported by Smith et al.^\[[@R32]\]^ In fact, other studies have also reported that an increase in the Ht level is a predictor of the onset of acute and long-term cardiovascular disease.^\[[@R33]--[@R36]\]^ It has already been 10 years since the GEJE, and residents in the evacuated areas are expected to have experienced an increase in lifestyle-related disease by now. Therefore, it is necessary to make efforts to promote health and health checkups.
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